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2- No tillage
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Table 1- Soil physical and chemical analysis in the site of experiment

P55 2 &0 5) £ ko) )’_,t..o) R3TT . .
(S EC @S ghS P{S i (2o ,d) i o ;
Soil specific (g4s/m) pH (Ss IS N (322) (222) (""f’a)
surface area K (mg (S (percentage) Clay Sand Silt
(square meter per kg P (Mg per (percentage) (percentage) (percentage)
per gram soil) soil) kg soil)
130 0.6 7.33 260 7.33 0.11 33.93 18.47 47.6
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Table 2- Analysis of variance for soil potassium with sodium tetraphenyl boron and ammonium acetate extractents and
potassium excess determination and bulk solution potassium methods before wheat heading stage and harvest both

Olazyo (ko
Sum of squares
b ' Sb Lol
o5l as 4> T . o . .
JRE NEWRSJONRE - poswigel il |y pareliy iy Jybre ity
Varia frgedom Potassium with sodium Potassium with ammonium Potassium Bulk solution
bles tetraphenyl boron extraction acetate extraction excess potassium
P> adgs jI 3
Before heading
W
Phac
Treat 4 5503.66* 11545.59** 280.572"™ 0.000426*
ment
Ssk 3 9168.66"™ 11769.79™ 326.345™ 0.000434"™
Block
S 12 2516.01 858.01 218.617 0.000149
Error
C;ws‘.:).g
harvest
W
Phec
Treat 4 9386.52"™ 1814.17™ 599.252" 0.0000758™
ment
Sk 3 41134/20 ™ 2658.77™ 938.46" 0.000114"
Block
oLl
Error 12 12766/96 1255.42 332.415 0.000103

ns: no significant differences
*significant differences at 5% level
**significant differences at 1% level
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Table3- Mean soil potassium concentration comparisons using sodium tetraphenyl boron and ammonium acetate extractents
and potassium excess determination and bulk solution potassium methods before wheat heading

- o) panigel ol b panliy w3l Juidl 55 b iy - ko) oy Jb a8LSI @55 (o) Joloo iy
Jlowi (S5 0,55l 5 o5 (SB 0,55kS 13 0,5 o) (SB 0,55kS 13 05 (S 0 55ks
. P;-sl; J P;. Potassium with sodium Potassium excess(mg Bulk solution
Treatment  potassium with ammonium ; .
- tetraphenyl boron (mg per kg per kg soil) potassium(mg per kg
acetate (mg per kg soil) soil) soil)
2> a5l
Before heading
OPS
Moldboard 322.07° 367.64° 80.85° .0345°
plow
5 399.62° 377.14% 97.83% 0.0456%
Rotivator
S 431.9® 427.46% 95,75% 0.0483%®
Discking
‘J’» 466.9% 440.24® 103.10° 0.0558?
Chisel
SE g
b b
) 415.41 447.84° 97.51° 0.0616°
No-tillage
PLS Cudild 4
harvest
Ol
M‘;:‘;bo 306.36° 325.84° 78.35% 0.0338"
plow
250559, . . " .
Rotivat 296.53 305.65 86.03 0.0446
or
&_imﬁ.}
Disckin 273.22° 202.24° 95.90° 0.0385°
g
‘J’p 252.75° 305.14° 95.69° 0.04512
Chisel
09
&35St 292.06° 277.78° 67.06° 0.0457%
No-
tillage
20,30 paw 3 LSD 905l (live )b cime BB pie oimd i gty 1 dliie iy y>

Same letters in each column point to no significant differences between treatments according to LSD test at 5% level
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Table 4. Soil mechanical resistance mean differences (KPa) between tillage treatments, within 0-8 cm soil depth

TS
slow 5450 51 8 Before TS s> 51 a8 Before JELEWIES oW Sl g
Treatment tillering Tillering heading Heading Grain harvest
paste
R \ )
Moldboard 693.4 697.7 1385.5¢ 2113.2° 3954.4° 3867.3°
plow
7 "“ ? 623.6° 539.6° 1848.9° 2354.3° 4081.9° 3954b°
Rotivator
.“i””':’ 845° 1194.2° 2014.7° 2749.2° 4181b° 4030
Discking
J}:"*—' 831.9° 1300° 2292.1° 3038.5° 4399°° 4058*
Chisel
“"'”d.%’* 1820.9° 21475 3113.13 3739.8° 4657.22 414417
No-tillage

20,30 daw 13 LD (yg051 (slue o 5o iz OS] pac oximilis (gt yo p3 aliie gy
Same letters in each column point to no significant differences between treatments according to LSD test at 5% level
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Table 5- Mean treatment grain and straw potassium uptake (Kg per ha) and root weight (Kg per ha) at before heading and

harvest
o Wls by gl @da ol by paly da ((adadss ) adn) gy (Sl A 09
treatr;1ent Grain potassium Straw potassium Root weight (before Root weight
uptake uptake heading) (harvest)
b5
oRr
Moldboard 10.5217 4561 2371.6° 3155°
plow
Rgtkl‘;’t’o r 8.509% 33.428%* 1877.3° 2726.3°
D;‘“k*i”n . 6.808%° 34.875% 1113.8° 1738.3°
Cﬁ:e | 5.551% 18.306" 488.7¢ 1038.4°
SigSEos 4.514° 14.041° 452.4¢ 899.2°
No-tillage

20,35 paw > LSD (9051 (slhuo > ime OS] pite okimd (Ui ygie s p> b gy
Same letters in each column point to no significant differences between treatments according to LSD test at 5% level
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Table 6- Correlation coefficients between soil potassium with different methods, root weight, grain weight, straw weight,
grain and straw potassium uptake

1 2 3 4 5 6 7 8
paoliy )l 8L 1
Potassium excess
pasissl Slinl b SK penly 0,624+ 1
Potassium with ammonium acetate
w0 O‘)‘. J‘J‘)"' L SB el 0.7%* 0.603** 1
Potassium with sodium tetraphenyl boron
“bb_“ el . 0.56* 0.727** 0.41™ 1
Bulk solution potassium
bt oruliy ol -0.632%*  -0.607** -0.827**  -0.501* 1
Grain potassium uptake
o oy enliy ol L0.680%*%  -0.637%% -0.711%* 0588** 0.851%% 1
Straw potassium uptake
43\:_:) i -0.469*  -0.572** -0.761** -0.522** 0.818** 0.739** 1
Grain yield
o3, : -0.679**  -0.61**  -0.781** -0.631** 0.887** 0.857** 0.856** 1
Straw yield
i ")_}5 -0.491* -0.58**  -0.657** -0.639** 0.63** 0.719** 0.744** 0.62**
root weight

ns: no significant differences

*significant differences at 5% level
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Introduction: The effects of any tillage method on soil properties, depends on location (soil, water and air)
and the number of (years) their implementation. Soil compaction reduces yield through increased soil
mechanical resistance against root growth and lower water and nutrient use efficiency (Gamda et al. 18 & Ishagh
et al 23). Soil surface and sub surface compaction both reduce yield due to limited root growth and plant
potassium uptake (Doulan et al. 14). Sabt et al. (50) reported that in the study area, which the lands are mostly
illite clay (high specific surface area) with sufficient nitrogen, soil potassium is the most important limiting
factor for the growth of wheat.Considering the point that loess soils in Golestan Province have a high specific
surface area,they can provide potassium for plants to produce crop, but for a higher production, potassium
fertilizers should be used. Previous studies indicated that production of wheat is limited due to potassium
deficiency (4, 49, 54 and 57). In these soils with a high specific surface area, the speed of movement of
potassium from the soil solution is low, and doing solimits wheat yield.In loess soils containing high illite and
high specific surface area (eg, soilsin the series of Rahmat Abad of Gorgan), ammonium acetate measured
potassium on exchange and solution surfaces, which is highly correlated with grain yield (54) . There is a high
correlation between grain yield with overload of potassium and Na TPB extraction (57). The aim of this study
was to absorb potassium (limiting factor for plant growth) with different tillage systemsat different depths.
International recommendations towards reducing the depth and intensity of tillage (from minimum tillage to no-
tillage) in order to reduce erosion and oxidation of organic substances plays an important role in determining the
amount of greenhouse gases. If potassium absorption does not reduceafter reducing tillage intensity,low or no-
tillage methods are preferred. Otherwise no choice but to continue conventional tillage. The second objective is
to assess the effects of the treatments (different tillage systems) on the growth and size of the roots and to predict
nutrient uptake by plants.

Materials and Methods: This research was a field experiment during 2009-2010 in estates of Gorgan
University of Agricultural Sciences and Natural Resources (Seyed Miran Area) with 5 treatments and 4
replications which used completely randomized block design. Treatments were 5 tillage methods including
moldboard-ploughing (20-25 cm depth) followed by disking, rotivator (12-17 cm depth), disking (8-10 cm
depth), chisel (25- 30 cm depth) and no-tillage. Row spacing, distance between seeds in a rowand the amount of
seeding was 20 cm 1.5 cm and 268.5 kg ha respectively (planting was done by hands). The consumption of
fertilizers based on soil test results and the results reported by other researchers were added to the soil surface
before planting (54). In all treatments, 350 kg per hectare of ammonium phosphate and 200 kg of potassium
sulfate before planting and by hands were added. For treated moldboard,rotary cultivator, disc and chisel were
used, and for no-tillage system by disc plow and sweep were used.Main parameters measured were soil
mechanical resistance at 6 stages during wheat growth using a cone penetrometer (0-8 cm soil depth), soil
potassium at two stages during plant growth (before heading and harvest) using sodium tetraphenyl boron(12),
ammonium acetate(28) and ammonium nitrate as extractents and using potassium surface excess(8)
determination method and also bulk soil solution potassium concentration(2). Yield of wheat and its
components were also determined at harvest. Data analysis include the analysis of variance and mean
comparisons using LSD and correlations which carried out using SAS software.

Results and Discussion: Results show there was a significant difference between treatments with respect to
extractible soil potassium using sodium tetraphenyl boron at 5 percent level and ammonium acetate at 1 percent
level, both before wheat heading. Soil potassium content did not differ significantly in this stage when
potassium excess method was used. With all methods of soil potassium determination, soil potassium did not
differ significantly at harvest. Soil potassium with moldboard-ploughing was less than all other tillage methods
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at before plant heading. Thomas et al. (55) and Martin Rhoda et al.(40) also stated that soil potassium was
greater with no-tillage method. Lopez Phando & Pardo. (34) similarly stated that soil potassium with no-tillage
method was greater than moldboard ploughing. According to results of the current experiment, soil mechanical
resistance was further reduced as tillage intensity was increased. Soil mechanical resistance with moldboard
ploughing was less than other tillage methods between early heading stage and harvest. Lower mechanical
resistance with increased tillage intensity increased root growth and soil potassium uptake by wheat grain and
straw, leading to greater yield production in accordance with results by Fakori (16).

Conclusions Soil tillage with moldboard ploughing reduced mechanical resistance, increased root density
(and possibly soil-root contact surface area) and soil potassium uptake which results a greater wheat head density
and yield and also a lower soil potassium with different methods (potassium excess determination and bulk soil
solution potassium concentration methods and also using soidium tetraphenyl boron, ammonium acetate
extractants) at before heading which is the stage for maximal growth and nutrient accumulation rate. Soil
extractants maybe used for plant nutrient uptake and yield predictions in a plant canopy, when plant nutrient
uptake has a positive significant correlation with soil potassium and treatments do not affect root growth and the
mentioned correlation.
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